PDZ domains are involved in the scaffolding and assembly of multi-protein complexes at various subcellular sites. We describe here the isolation and characterization of a novel PDZ domain-containing protein that localizes to the Golgi apparatus. Using an in silico cloning approach, we have identified and isolated a cDNA encoding a ubiquitously expressed 59-kDa protein that we call FIG. It is composed of two coiled coil regions, a leucine zipper, and a single PDZ domain. Cytological studies using indirect immunofluorescence microscopy revealed that FIG is a peripheral protein that uses one of its coiled coil domains to localize to the Golgi apparatus. To ascertain the modalities of this Golgi localization, the same coiled coil region was tested for its ability to interact with a panel of coiled coil domain-containing integral membrane Golgi proteins. Using a series of GST fusion protein binding assays, co-immunofluorescence and co-immunoprecipitation experiments, we show that The Golgi apparatus is an intricate, compartmentalized and polarized organelle with two fundamental roles. The first of these is the modification of newly synthesized lipids and proteins as they progress through the organelle, and the second role is to serve as a core hub in the secretory pathway, with proteins and lipids being selectively targeted to several different organelles. These functions require a transport machinery that is driven by a plethora of intricate protein-protein and protein-lipid interactions (for a review, see Ref. 1). Membrane-vesicle recognition and fusion is therefore at the heart of Golgi function.
The Golgi apparatus is an intricate, compartmentalized and polarized organelle with two fundamental roles. The first of these is the modification of newly synthesized lipids and proteins as they progress through the organelle, and the second role is to serve as a core hub in the secretory pathway, with proteins and lipids being selectively targeted to several different organelles. These functions require a transport machinery that is driven by a plethora of intricate protein-protein and protein-lipid interactions (for a review, see Ref. 1). Membrane-vesicle recognition and fusion is therefore at the heart of Golgi function.
Over the past few years, models of the mechanisms that drive the merging of two phospholipid membranes together have been suggested (for recent reviews, see Refs. 2 and 3). Membrane fusion is now being depicted as a multi-step process that requires the presence and activities of soluble NSF attachment protein receptor (SNARE) 1 proteins. Although their precise role remains somewhat disputed, recent studies indicate that SNARE complexes represent the core machinery for intracellular membrane fusion (for reviews on SNAREs functions, see Refs. 4 -7) .
Syntaxin 6 is a member of the syntaxin family of SNAREs. To date, this family is comprised of at least 17 members, all of which localize to specific membrane compartments along the endocytic and exocytic pathways (see Refs. 3 and 4). Syntaxin 6 has been shown by electron microscopy to localize mostly to the trans-Golgi network (TGN) and, to a lesser extent, to the Golgi stack (8 -12) . Although the primary role of syntaxin 6 remains elusive, it is known to interact with the Rab5 effector EEA1 (early endosomal autoantigen) protein (13) . This interaction with EEA1 (early endosomal autoantigen) suggests that syntaxin 6 may function in tethering of post-Golgi vesicles to early endosomes, which raises the possibility that it may regulate early endosome fusion (13) . Knowing the interacting partners of syntaxin 6 is an important step toward a better understanding of its function and may shed light on other, unexpected roles.
PDZ domains are small (typically ϳ90 amino acids) portions of protein that were named for their first identification in PSD-95, Drosophila Discs Large, and Zona occludens-1 proteins. They are contained in a broad and diverse set of proteins and have since been shown to commonly bind to sequences at the extreme carboxyl terminus of proteins in a sequence-specific manner (14 -17) . Many PDZ domain-containing proteins are localized to highly specialized subcellular sites, which suggest their participation in several aspects of cellular physiology such as receptor or channel clustering, cell junction formation, and intracellular signaling events. In addition, the extensive sequence and structural conservation between PDZ domains suggests that they play a general role in organizing diverse signaling complexes (for a recent review, see Ref. 18 ).
In the present study, we have isolated and characterized a novel ubiquitously expressed cDNA that codes for a PDZ domain-containing protein. A small portion of this sequence has been reported to be part of a fusion transcript isolated from a glioblastoma cell line (19) . Therefore, we named this novel sequence FIG for fused in glioblastoma. FIG targets to the Golgi apparatus through a coiled coil domain. We also demonstrate that a region containing the same coiled coil domain specifically interacts with the Q-SNARE protein syntaxin 6. Our results suggest that this novel protein may play a role in membrane dynamics.
MATERIALS AND METHODS

Isolation of FIG-An in silico
cloning strategy using the amino acid sequence of the third PDZ domain of rat PSD-95 (amino acids 313-393, accession number M96853) as a probe on a TBLASTN platform (www.ncbi.nlm.nih.gov/BLAST) led us to the identification of several novel PDZ domain-containing expressed sequence tags (EST) and nonannotated sequences from multiple species. We chose one novel sequence (accession number 226930) that we called FIG and derived oligonucleotide primers (FIG-1 , AAAACTGTGATCCGAGCC, and FIG-2, TTTGATTTCCCCACTTGTGTC) to perform a reverse transcriptase-PCR reaction from total RNA isolated from 293T cells. By doing so, a 502-bp fragment was amplified that includes the nucleotide sequence coding for the PDZ domain of this novel gene. This 502-bp fragment was then used as a probe on a large insert size-selected ZAPII cDNA library made from the human U937 myeloid leukemia cell line according to standard hybridization procedure (20) . Several independent cDNA clones were isolated, and all were sequenced on both strands. A single 4568-bp cDNA clone was used to derive all the constructs hereinafter mentioned. The following mouse ESTs corresponding to the mouse FIG cDNA (GenBank  TM accession numbers BF136140,  AU066684, AI663889, AA172744, AA896187, AA103788, AV084892,  AW211518, BE290402, AA756683, BB595262, AW519701, AA243947,  AA182098, BF785483 , and BF137066) were assembled to create an electronic cDNA sequence from which the amino acid composition of mouse FIG was predicted. All sequence analysis (DNA and protein) were performed using the data analysis package DNAStar in conjunction with the BLAST server at NIH (www.ncbi.nlm.nih.gov/BLAST) to search for homologies. Coiled coil region prediction was performed on the predicted amino acid sequence of FIG using the MacStripe software from Alex Knight (21) . Amino acid sequence alignment and evolutionary phylogenetic trees were created with the MEGAlign algorithm of DNAStar. Kyte-Doolittle plots were created with the protean algorithm of DNAStar.
Site-directed Mutagenesis, eGFP and GST Fusion Protein Constructs-Mutation of the leucine zipper region (amino acid 164 -191) was performed by mutating the following leucine residues (Leu 167 , Leu 174 , Leu 181 and Leu 188 ) to valines with Quick Change Mutagenesis kit (Invitrogen, CA) using two successive rounds of amplifications with the following oligonucleotides Leu-1;ATGAAAGAAGCACAAGTT-GAAGCTGAAGTGAAATTGGTGAGAAAAGAGAATGAA, Leu-2; complementary oligonucleotide to Leu-1, Leu-3; AAAGAGAATGAAGCCGTTCG-TAGACATATAGCTGTTGTCCAGGCTGAAGTATAT, and Leu-4; complementary oligonucleotide to Leu-3. The various coiled coil domaineGFP fusion constructs and GST fusion constructs described herein, were created by PCR amplification of the FIG cDNA using various oligonucleotides containing selected restriction sites. All the PCR products were digested with the appropriate enzymes, gel-purified, and then ligated in either a BamHI/XhoI-digested eGFP cloning vector where the eGFP methionine initiation of the translation codon has been mutated to a leucine (a kind gift of Dr. Alex Kazantsev) or in BamHI/EcoRI-digested pGEX 2TK vector accordingly. All constructs generated by PCR were created using proofreading thermostable polymerases and were subsequently fully sequenced to ascertain integrity.
Antibodies and Generation of FIG Antisera-The following monoclonal antibodies were obtained from commercial sources: 9E10 antimyc tag (Santa Cruz Biotechnology) GM130, GS27, p230, p115 (Golgi Sampler, BD Transduction Laboratories). The anti-␤-COP rabbit polyclonal antibody was obtained from a supplier (Affinity Bioreagents). Since we consistently failed to detect endogeneous syntaxin 6 proteins using commercially available antibodies, we resorted to expressing syntaxin 6 from either a Myc-tagged cDNA construct or an eGFP fusion construct version (22) . was amplified by PCR with the proofreading thermostable polymerase VENT (New England Biolabs) using oligonucleotide primers containing BamHI and EcoRI restriction sites (forward, ATTTTAGGATCCTC-CCTAAAGAAAAGCCAAGG, and reverse, ATTTTAGAATTCCACT-TCAGGAGCCACATA). The PCR products were digested with BamHI and EcoRI, gel-purified (Qiagen), and then ligated in EcoRI/BamHIdigested pGEX-2TK (Amersham Pharmacia Biotech). A large preparation of GST fusion protein was performed as described elsewhere (23) . The purified GST fusion protein was then cleaved with thrombin according to the manufacturer's protocol (Amersham Pharmacia Biotech) and then subjected to ion exchange chromatography to rid the protein preparation of the thrombin following the manufacturer's recommendations (Amersham Pharmacia Biotech). The resulting purified polypeptide was then coupled to the hapten keyhole limpet hemocyanin using the Pierce Imject maleimide-activated keyhole limpet according to the manufacturer's specifications. New Zealand White rabbits were injected and bled following a previously described regimen (24) .
Northern Blot Analysis-Commercially available blots containing mRNA from various human tissues (MTN, CLONTECH) were hybridized with the 502-bp [␣-
32 P]dCTP-labeled FIG cDNA segment corresponding to the region encompassing the PDZ domain. The hybridization and washing procedures were performed as per the manufacturer's recommendations (CLONTECH). The hybridized filters were then exposed to x-ray films for 24 h with an enhancing screen at Ϫ80°C. The filters were then stripped in 0.5% SDS and reprobed with an [␣-
32 P]CTP-labeled ␤-actin probe as an internal measure to control for the integrity and amount of the mRNA on the blots.
Protein Preparation, Western Blot Analysis, and Immunoprecipitation-Freshly excised mouse organ tissues were homogenized with a Polytron homogenizer in HNMETG (50 mM Hepes, pH 7.5, 150 mM NaCl, 1.5 mM MgCl 2 , 1 mM EGTA, 1% Triton X-100, 10% glycerol) buffer (25) supplemented with 2 mM phenylmethylsulfonyl fluoride and 1ϫ protease inhibitor mixture (Complete™, Roche Molecular Biochemicals). The homogenate was centrifuged at 5000 rpm for 15 min at 4°C to remove non-homogenized debris and quantified as described below. Mammalian culture cells grown to 80 -90% confluency were washed several times with PBS and lysed on the dish by the addition of lysis buffer (either HNMETG or radioimmune precipitation buffer (20) ) supplemented with protease inhibitors and harvested off the dish with a cell scraper. Unlysed cells and insoluble cellular debris were collected by centrifugation, and cell lysates were quantified as described below. Protein lysates from the different mouse organs or mammalian culture cells were separated by SDS-polyacrylamide gel electrophoresis and electrotransferred to Immobilon P membrane (Millipore, Boston MA) according to the manufacturer's directions. Western blot analyses were performed with the indicated antibodies at dilutions typically ranging from 1:500 to 1:1000. The bound antibodies were detected by enhanced chemiluninescence (ECL) (Renaissance, PerkinElmer Life Sciences). Protein concentrations from the different homogenates and cell lysates were determined using the Bio-Rad reagent as per the manufacturer's protocol (Bio-Rad). For immunoprecipitation experiments, cells were lysed and quantified as described above. Aliquots of HNMETG cell lysates were incubated in the presence of the indicated antibody with either protein A (for rabbit polyclonal)-or protein G (mouse monoclonal antibodies)-conjugated agarose beads (Life Technologies, Inc.) at 4°C with constant agitation for 90 min. The beads were then washed several times in HNTG (20 mM Hepes, pH 7.5, 150 mM NaCl, 0.1% Triton X-100, 10% glycerol) buffer (25) , and the immune complexes were separated by SDS-polyacrylamide gel electrophoresis and immunoblotted as described above.
Cell Culture and Immunofluorescence Microscopy-U2OS, COS-1, and 293T cells (ATCC) were maintained in Dulbecco's modified Eagle's medium supplemented with 10% fetal calf serum and the antibiotics penicillin and streptomycin at 37°C in a 5% CO 2 environment. Where indicated, cells were transfected with plasmid DNA by electroporation (COS-1) as described elsewhere (26) or by LipofectAMINE (293T and U2OS) (Life Technologies, Inc.) according to the manufacturer's protocol. Where indicated, brefeldin A (Sigma) treatment was performed by adding a 1:1000 dilution volume from a 5 mg/ml stock solution in ethanol and incubated for the indicated amount of time, after which cells were rapidly washed in brefeldin A-containing PBS and immediately fixed as described below. Nocodazole (Sigma) was added to the cells at a final concentration of 10 g/ml and incubated for 4 h in regular media with 1% fetal calf serum before the cells were washed and fixed as described below. Indirect immunofluorescence was performed as described elsewhere (27) . Briefly, U2OS or 293T cells were allowed to attach to chamber slides (Nunc), after which they were processed for immunofluorescence. Where indicated, cells were transfected with plas-mid DNA using Lipofectin 2000 according to the manufacturer's protocol (Life Technologies, Inc.) and incubated for 36 -48 h before processing. Cells were processed for immunofluorescence as follows. The cells were washed with PBS several times and fixed with freshly made 4% (w/v) paraformaldehyde in PBS for 15 min at room temperature. After 5 quick washes with PBS, cells were permeabilized with PBS-T (PBS with Tween 20 (0.1% v/v)) for 20 min. The now fixed and permeabilized cells were then blocked with PBS-T and 10% goat serum (Sigma) for a minimum of 1 h at 25°C followed by an incubation with the indicated antibodies overnight at 4°C in blocking solution. After extensive washes in PBS-T, cells were incubated with either Cy3-conjugated goat anti-rabbit or Cy3-conjugated goat anti-mouse secondary antibodies in blocking solution for a minimum of 1 h at room temperature. Cells were then washed every 10 min for a minimum of 1 h with PBS-T. 4,6-Diamidino-2-phenylindole (0. 01 g/ml) was added to the penultimate washing step to help visualize nuclear DNA. Detection of eGFP fusion proteins was performed as follows. Transfected cells were washed, fixed, and permeabilized as described above. The cells were then counterstained with 4,6-diamidino-2-phenylindole, washed in PBS-T, and mounted with a coverslip in DABCO mounting media (23) . For immunofluorescence, slides were mounted with a coverslip in mounting medium (Kirkegaard and Perry Laboratories). Both were analyzed by fluorescence microscopy on a Zeiss Axioplan2 microscope. Images were captured digitally with a CCD camera and analyzed with IPLab and Adobe Photoshop softwares.
In Vitro Binding Studies-The various GST fusion proteins described herein were expressed in bacteria and affinity-purified on glutathioneSepharose beads (Amersham Pharmacia Biotech) according to published protocols (23) . Cell lysates from COS-1 (Ϯexpressing Myc-tagged syntaxin 6) or U2OS cells were incubated with the indicated GST fusion proteins bound to glutathione-Sepharose beads for 90 min at 4°C in HNMETG buffer supplemented with protease inhibitors. The beads were then washed 4 times in HNTG buffer, separated by SDS-polyacrylamide gel electrophoresis and either immunoblotted with the appropriate antibody as described above or stained with Coomassie Brilliant Blue (Bio-Rad).
RESULTS
Cloning of Novel PDZ Domain-containing cDNAs-We used an in silico screening strategy by which the amino acid sequence of the third PDZ domain of the rat PSD-95 protein (amino acid 313-393; Ref. 28 ; GenBank TM accession number M96853) was used as a probe in BLAST searches against the NCBI EST data bases using the TBLASTN algorithm. This allowed us to identify EST sequences that code for PDZ domains from several species. As expected, most of the BLAST results were ESTs that code for already known PDZ domainbearing proteins. However, quite a few represented novel uncharacterized PDZ domain-encoding cDNA sequences. Our interest focused on one of these unannotated ESTs (GenBank TM accession number AA103788). Since it corresponds to a previously reported but uncharacterized sequence that is part of a hybrid cDNA clone isolated from a human glioblastoma cell line (Ref. 19 ; GenBank TM accession number X51619), we named this sequence FIG, for Fused In Glioblastoma.
To isolate the full-length human FIG cDNA, oligonucleotide primers were designed to amplify a portion of the human FIG cDNA by PCR (see "Materials and Methods"). The resulting PCR product was then used as a probe on a size-selected U937 human myeloid leukemia cell line-derived cDNA library. Several size-variant cDNA clones were isolated, of which the longest was 4568 base pairs in length. Scanning of the cDNA sequence for open reading frames reveals several in-frame translation initiation codons (Fig. 1A) . The most upstream of these ATGs is the only site that is surrounded by sequences that conform to the consensus Kozak sequence (Fig. 1A) it closely resembles that of the syntrophin family of proteins (% identity: 50% with ␣-1, 53% with ␤-1, 47% with ␤-2, 38% with ␥-1, and 44% with ␥-2) (Fig. 1C) .
The syntrophins are a family of proteins involved in scaffolding of the dystrophin complex analyses were performed on mRNA and protein lysates isolated from various tissues. The 502-base pair fragment used to clone the full-length FIG cDNA from the U937 library was used as a probe on a membrane containing human RNA from different tissue of origins. Fig. 2A shows that a predominant message of ϳ4.5 kilobases in length is present is all tissues tested. This major transcript corresponds perfectly with the size of the longest cDNA isolated from the U937 library. There also exist a smaller 1.6-kilobase transcript in the testis-derived RNA. The origin of this smaller transcript is unknown; however, it could be the product of an alternatively spliced message. (Fig. 3A) . This type of staining is highly reminiscent of the Golgi apparatus. Structurally, the Golgi is tethered onto the cytoskeleton via proteinaceous interactions with the microtubule network (for a review, see Ref. 34 ). It has been demonstrated that long term exposure of cells to the drug nocodazole disrupts the assembly of microtubules and eventually leads to a disintegration of the Golgi (35) . The FIG perinuclear staining pattern redistributed into a vesicular pattern upon Golgi disintegration, much like that seen with the Golgi marker protein ␤-COP (Fig. 3) . This redistribution of FIG proteins is a strong indication that FIG associates with the Golgi apparatus.
FIG Localization to the Golgi Apparatus Is Brefeldin A-sensitive-To confirm FIG
Golgi sublocalization and to examine its redistribution kinetics upon brefeldin A-induced Golgi perturbation, U2OS cells were exposed to 5 g/ml brefeldin A for different periods of time (Fig. 4) . We looked at the behavior of FIG and compared it to those of six different Golgi-associated proteins by indirect immunofluorescence (Fig. 4) (see "Materials and Methods"). The Golgi-staining patterns of FIG, ␤-COP, and syntaxin 6 were altered after a 2-min treatment with brefeldin A, redistributing to the cytoplasm (see Fig. 4 ). On the other hand, the staining patterns of GS27 and p230 changed between 2 and 5 min of brefeldin A exposure. However, they did not redistribute in a manner similar to that of FIG but, rather, distributed to a structure that is distinct from that seen with FIG. Finally, both GM130 and p115 were still unchanged after 20 min of brefeldin A treatment. Given FIG multi-domain (Fig. 5A) (Fig. 6F) . In addition, indirect co-immunofluorescence of FIG and syntaxin 6 proteins demonstrates that a substantial amount of overlapping staining exists between FIG and syntaxin 6 (Fig. 7) . These results taken together demonstrate that FIG and syntaxin 6 are capable of interacting with each other. Fig. 8) . Once purified, these GST fusion proteins were incubated with cell lysates from COS-1 cells expressing an epitope-tagged version of syntaxin 6 (see "Materials and Methods"). These samples were then subjected to Western blot analysis using an antibody that recognizes syntaxin 6 through the heterologous epitope. 
FIG Localizes to the Golgi through a Coiled Coil Domain-
DISCUSSION
ESTs are a very important resource in modern molecular biology. They essentially allow for a rapid transition from a short unknown sequence to the potential for obtaining a fulllength cDNA clone. In addition, the creation of EST data bases from different sources and species allows for electronic protein domain mining, replacing low stringency cDNA library screening methods. In the current study, we have electronically discovered a novel cDNA based on the presence of a PDZ domain within the predicted amino acid sequence by mining sequence data bases.
The The Golgi apparatus is composed of a myriad of complex subspecies of membranes. It is postulated that membrane traffic through the Golgi is mediated by proteinaceous-coated membrane vesicles. Nearly all of these vesicles are surrounded by one of two coat complexes, coat protomer-I and -II (COPI and COPII, respectively). The COPI protein coat comprises coatomer, a cytosolic heptad-protein complex (of which ␤-COP is the major component) and a small GTPase of the ARF (ADPribosylation factor) family that regulates sorting of proteins into COPI vesicles and also the assembly and disassembly of the coat (45) (46) (47) (48) (49) (50) . It has been proposed that multiple classes of COPI vesicles exist throughout the Golgi apparatus (51) and that these diverse classes of COPI vesicles would comprise various ARFs and tethering proteins that would serve to direct the various types of COPI vesicles to their appropriate destination (1) .
Brefeldin A is a small hydrophobic compound produced by toxic fungi. It has the capacity to inhibit some of the proteins (guanine nucleotide exchange factors) that activate ARFs. Therefore, inhibition of ARF by brefeldin A leads to the release of the COPI coat and many other ARF-regulated peripheral membrane proteins into the cytosol and ultimately results in the collapse of the Golgi and its redistribution into the endoplasmic reticulum (52, 53) . However, short exposure of cells to low concentrations of brefeldin A allows for a time-dependent stripping of the different components of the various types of Golgi membranes along with their cognate proteins.
We argue that the behavior of specific Golgi markers when exposed to brefeldin A can be used as a measure of comparison to that of an unknown protein to determine which sub-membrane compartment of the Golgi this unknown localizes. Thus, we examined the redistribution kinetics of FIG upon treatment of cells with low concentrations of brefeldin A at 0, 2, 5, and 20 min (Fig. 4) and compared them to those of six different Golgi proteins. The Golgi immunofluorescent staining pattern of FIG dissipated within a 2-min exposure to brefeldin A, much like the pattern of relocalization displayed by ␤-COP and syntaxin 6. The fast redistribution of ␤-COP is attributed to the fact that it is the major component of the heptad coatomer, which in turn is part of the COPI coat that is regulated by Arf proteins and has been reported ample times to be highly sensitive to brefeldin A (54, 55) . Similarly, a rapid redistribution of syntaxin 6 under brefeldin A treatment conditions similar to ours has also been reported (12) . Syntaxin 6 has been shown to reside in the TGN and, to a lesser extent, within the Golgi stack (8 -12) . The TGN has a significant portion of COPI-coated membranes (56) , and the Golgi stack is also decorated with COPI-coated membranes (57) . However, syntaxin 6 association with COPI-coated membranes remains to be established. Interestingly, under different conditions of brefeldin A treatment, syntaxin 6 has been reported to redistribute to the microtubule-organizing center (11) , which is expected for TGN proteins. It is possible that the early steps during the process of syntaxin 6 redistribution to the microtubule-organizing center involve a cytoplasmic relocalization similar to that seen in our experiment.
GM130 is a protein that localizes to the cis-Golgi network (58), and p115 has been shown to tether COPI vesicles to Golgi membranes by cross-linking GM130 (on cis-Golgi membranes) to giantin (on COPI vesicles) (59) . It has been reported that markers present in the cis-Golgi network do not relocalize to the endoplasmic reticulum upon brefeldin A treatment due to their ARF-independent localization (60 -65) . Therefore, it is not surprising to find that both p115 and GM130 immunofluorescence staining patterns are not perturbed considerably under our brefeldin A conditions. p230 is a TGN-localized protein that specifically associates with vesicles budding from the TGN (66, 67) . The nature of these vesicles remains uncharacterized, but it has recently been demonstrated that the localization of p230 to these vesicles is sensitive to brefeldin A (68). However, the kinetics of dissociation are much slower than those of FIG, ␤-COP, and syntaxin 6, showing a rearrangement between 2 and 5 min of treatment (Fig. 4) . Interestingly, the pattern of staining that ensues is also different from those seen with FIG, ␤-COP, and syntaxin 6, which suggests that p230 redistributes to a structure that is much different than those of FIG, ␤-COP, and syntaxin 6. GS27 is a SNARE protein that has been shown biochemically to act at the cis-to median-Golgi and trans-Golgi to TGN boundaries (69) . Its kinetics and pattern of redistribution are somewhat similar to those of p230 (Fig. 4) , which suggests that perhaps both GS27 and p230 proteins are found on identical membranes.
Taken together these results demonstrate that FIG localizes to a sub-structure of the Golgi that is highly sensitive to the effects of brefeldin A, much like COPI-coated vesicles. The different substructures of the Golgi that are coated by COPI remain the subject of debates. However, it is well accepted that COPI-coated vesicles move to and from the cis-Golgi network, median-and trans-Golgi compartments as well as portions of the TGN (70) . It is likely that FIG associates with one or more of these substructures.
Topologically, proteins that are known to localize to the Golgi apparatus can be classified within three categories; they can either be luminal, membrane-anchored (either through a phospholipid modification or a trans-membrane domain), or cytosolic. (Fig. 5) . This result is unusual since it has been shown for other proteins that mutating leucine zippers that are part of coiled coils abrogate their homotypic binding (75, 76) . The interaction of FIG with syntaxin 6 indicates that its carboxyl-terminal coiled coil domain is capable of heterotypic interactions. Perhaps leucine zippers located within homodimerizing coiled coil domains are functionally required for binding, whereas leucine zippers within coiled coil domains that display heterotypic binding are not directly involved in this event. Therefore, it is possible that the FIG leucine zipper does not have a direct role in protein association but rather confers structural identity to the coiled coil domain. In addition, the FIG leucine residues were changed to valine. This conservative change has been demonstrated to abrogate leucine zipper mediated interactions in other systems (75) but possibly does not represent a change in amino acid composition drastic enough to compromise a higher, more complex structure such as a coiled coil domain.
We also determined that the FIG carboxyl-terminal coiled coil domain interacts with the anchored type II integral membrane protein syntaxin 6 but not with other coiled coil domain-containing integral membrane Golgi proteins (golgin 84, GM130, and p230). Detailed mapping analysis of this interaction revealed that both the carboxyl-terminal coiled coil domain and the interdomain region between the coiled coil and PDZ domains, which shows a high homology to C. elegans FIG (amino acids 194 -251 ), are required for binding. Interestingly, the carboxyl-terminal coiled coil domain alone is capable of binding to syntaxin 6 under the same conditions, albeit with much less affinity (data not shown). The requirement of this adjacent interdomain region for high affinity interaction with syntaxin 6 may underscore a functional role for this 58-amino acid region in coiled coil-mediated interactions.
The specific interaction with syntaxin 6 is likely responsible for the localization of In conclusion, the specifics of membrane trafficking are governed by a multitude of membrane-bound and -peripheral cytosolic proteins. FIG represents the first PDZ domain-containing peripheral membrane protein reported to be part of the Golgi apparatus. The presence of a PDZ domain-containing protein in the Golgi extends the territory of PDZ domain action and opens new possibilities toward a better understanding of Golgi function. The interaction if FIG with the Q-SNARE protein syntaxin 6 warrants the establishment of a role for this protein in SNARE-mediated vesicle membrane recognition and fusion.
